With the development of science and technology, as well as the increasing demand for aircraft in the civil fields, the design of an aircraft has become more comprehensive with more disciplines involved, that requires not only the high performance, reliability, and cost-effectiveness of the civil aircraft, but is also connected with the implementation of the professional and modern approaches. One of the relevant and effective approaches for the complex system design is systems engineering including the sequence of the activities that are used for NASA projects realization. In our work, we focused on the widely used NASA Systems Engineering techniques for creating successful systems, such as the logical decomposition models that should be applied for the civil aviation objects. The high-quality competent planning and realization of the life cycle stages "step-by-step" using the NASA Systems Engineering approach promote the avoiding of the mistakes and excessive costs. The universality of these methods allows meeting the requirements of the modern civil aircraft that primarily ensure the safety of the flight and meet the customer needs.
Introduction
From the early 1980s, the aircraft industrial enterprises started the application of innovative design and manufacturing technologies that allowed them to improve the production activities and reduce various kinds of costs. The comprehensive topic of this research is the realization of the System Design of the civil aircraft based on the progressive NASA Systems Engineering approach.
According to NASA [11] , systems engineering (SE) is a methodical, disciplined approach for the design, realization, technical management, operations, and retirement of a system. By this way, in compliance with the systems engineering fundamentals [1] , the system is a main object of investigation in SE, covers the integrated composite of people, products, and processes that provide a capability to satisfy a stated need or objective. In the framework of the system, SE also involves looking at a problem in its entirety, taking into account all the facets and variables, and relating the social to the technical aspect [15] .
INCOSE [5] , as the International Council on SE, summarized that SE is an interdisciplinary approach and means to enable the realization of successful systems. It focuses on defining customer needs and required functionality early in the development cycle, documenting requirements, and then proceeding with design synthesis and system validation while considering the complete problem. In addition, SE of complex systems requires more 'infrastructure' than conventional programs; it must flexibly integrate multiple tools, databases, and other programs [9] . SE includes the technical processes, a series of engineering work and the decision logic program. Its purpose is to translate the mission requirements of the aircraft system into a description of the system's performance parameters and to determine the optimal configuration of the aircraft system.
In the framework of SE, the Systems Design comes from the structure of the system that has the decomposition, which gives a set of components, and decides what those components are and how they fit together [17] . In this way, the Increase the market share
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Table 3
The requirements definition for the civil aircraft
The technical requirements
The functional requirements The purpose of the aircraft
The main tasks performed by the aircraft
The composition of the target (commercial) loads
The degree of automation of the main phases of flight A class of aerodrome and type of the runway, etc.
The performance requirements The cruising and landing speed
The length of the run and altitude A good takeoff and landing performance, and the ability to operate from the unpaved airfields A high fuel efficiency
Ease of maintenance and repair
The minimal weight and cost of the aircraft structure, etc.
The interface requirements The reliable test equipment and transportation system
The manufacturing facilities, operators, users, maintainers, etc.
The operational requirements
The cabin requirements A presence of the emergency exit and entrance, toilets and kitchens
The comfortable temperature in the cabin and the air pressure p ≥ 0.7 bar in the cabin A presence of the collective (oxygen masks, ladders) and individual (inflatable life jackets) means of salvation when landing on the water, etc.
The requirements for ground handling
Means of mechanization of loading and unloading operations The repair and maintenance
A class of aerodrome
Criteria resource: the prescribed hours (time flights): for the civil aircraft-40,000 to 100,000 h, etc.
The reliability requirements
The structural reliability and stiffness
The static strength The dynamic strength
The vibroacoustic strength
The necessary rigidity of the structure
The survivability of an aircraft, etc.
The environmental requirements The vibration, static, loads, acoustic, thermal Electromagnetic Interference (EMI) and Electromagnetic Compatibility (EMC), etc.
The safety requirements
The takeoff and landing requirements
The airborne equipment The components of the aircraft
The requirements for system safety
The requirements for the people behavior on the airplane's board, etc.
The human factors engineering requirements
The requirements for the aviation personnel
Age and qualification The requirements for the professional important qualities (personal, physical, mental condition, psychophysiological, physiological)
The specialty requirements
The producibility The production manufacturability, the operational adaptability, etc.
The maintainability The testability, availability and interchangeability, etc. Systems Design covers the processes of identifying the systems architecture, data, systems, interfaces and modules to find the way to satisfy the stakeholders' expectations and specified systems requirements. Recently, defining the system design problem for the aircraft is one of several keys to success and can be approached systematically using engineering techniques [3] . In NASA [11] , the four system design processes are to develop stakeholder's expectations, technical requirements, logical decompositions, and design solutions.
In this way, the system design of the aircraft should be feasible and harmonized to ensure its working capacity, reliability, safety and cost-effectiveness.
However, the application of SE for the civil aircraft systems design in practice faces difficulties and may not be successfully implemented. In this paper, the system design of the civil aircraft is consistent and based on the NASA Systems Engineering approach through the implementation of the special time-tested techniques for the four system design processes.
The main contribution of this paper includes the proposals for the effective introduction and application of the NASA's Systems Engineering concept in practice to realize the effective and competitive project of the civil aircraft design.
The remainder of this paper is organized as follows. Section 2 presents the formation of the system design through the initial customer expectations. The important concept of operations in the SE framework is considered in Sect. 3. The technical requirements for the civil aircraft are detailed in Sect. 4. Section 5 focuses on the logical decomposition that covers the Systems Engineering Techniques, such as the work breakdown structure (WBS), the product breakdown structure (PBS), the functional flow block diagram (FFBD), the N2 Diagram (or the design structure matrix), and timeline analysis. Finally, the concluding remarks and future work considerations are considered in Sect. 6. 
System design and initial customer expectations
For realizing the NASA Systems Engineering approach, the following steps should be observed: After the program formulation that is focused on the establishing of a cost-effective program that is capable to meet the mission and goals of the system, the stakeholder's expectations definition process is the next step on the way to the successful civil aircraft system design development.
The stakeholder's expectations definition process is the initial process within the SE engine that establishes the foundation from which the system is designed, and the product is realized. NASA [11] emphasizes that the main purpose of this process is to identify who are the stakeholders and how they intend to use the product.
It is important to verify the main explicit stakeholders' expectations in an acceptable statement and analyze the expectation statements to implement the appropriate measures of effectiveness ( Table 1) .
The following stakeholders' expectations cover the external environment (Table 2) .
The necessity of the stakeholder management is also emphasized in the project management body of knowledge [14] , where it covers the processes of the stakeholder's expectations, assessing the degree to which they impact or are impacted by the project, and develop strategies to effectively engage stakeholders in support of project decisions, and the planning and execution of the work of the project.
It should be noted that the project's stakeholders may have different degrees of the responsibility and authority with participation in the project that can be changed throughout the whole project life cycle.
Thus, the identification of the stakeholders (including the clients and customers) and voice of customer (VOC) and their expectations, is necessary to support the project objectives [4] to ensure the timely resolution of the possible problems, risks identification and formation of the future requirements for the project.
CONOPS: concept of operations
It is a necessary that one of the earliest reports that is about formalizing the operational concepts description for a software system was written by Lano [10] .
According to the NASA Systems Engineering approach, the CONOPS is an important component in capturing stakeholder's expectations, requirements, and the architecture of the project. From a perspective of NASA [11] , it stimulates Thus, the CONOPS is a document, that is for the system's user and it contains the information about the system's performance from the user's point of view. The CONOPS can help reach a "meeting of the minds" between the stakeholders and developers prior to the requirements process. It often conveys a clearer statement of intent than the requirements themselves [8] .
Technical requirements
Based on the NASA experience [13], the technical requirements definition process (Table 3) for the civil aircraft transforms the stakeholder's expectations into a definition of the problem and then into a complete set of validated technical requirements expressed as "shall" statements that can be used for defining a design solution for the product breakdown structure (PBS) model and related enabling products. These requirements define the basic performance of the future aircraft, its reliability and security [7] .
In this way, the requirements for the civil aircraft cover a set of useful characteristics for the final user and stakeholders also, expected from the aircraft. A clear definition Fig. 3 The simplified project tasks (the cockpit development process) of the requirements for the product allows to avoid the problems at the stages of its design, development, manufacturing, operation and maintenance, as well as to ensure a high degree of satisfaction with the expectations of the stakeholders.
Logical decomposition
In accordance with NASA [11] , the logical decomposition is the process for creating detailed functional requirements that enable NASA programs and projects to meet the stakeholder's expectations. This process identifies the "what" that must be achieved by the system at each level to enable a successful project.
It is important to consider the main NASA's Systems Engineering techniques to provide the understanding of the systems logical decomposition base. The understanding of the logical decomposition in the framework of system design is provided by the examples of the aircraft structure, aircraft operation and aircraft cockpit making.
The work breakdown structure and the product breakdown structure
The logical decomposition of the civil aircraft should be represented by the product breakdown structure (PBS) and the work breakdown structure (WBS). According to the NASA Systems Engineering [11] approach, the WBS is a hierarchical breakdown of the work necessary to complete the project. In addition, the WBS includes the PBS that is the hierarchical breakdown of the products such as hardware items, software items, and information items (documents, databases, etc.).
Functional flow block diagram
The NASA functional analysis module [12] underlines that the primary functional analysis technique is the functional flow block diagram (FFBD).
In the case of the civil aircraft, the purpose of the FFBD (Fig. 1) is to indicate the sequential relationship of all functions that must be accomplished by a system. Fig. 4 The updated project tasks (the cockpit development process)
In NASA [11] , it is important that when completed, these diagrams show the entire network of actions that lead to the fulfillment of a function.
The N2 diagram
The N2 diagram or design structure matrix is a twodimensional matrix representation of the structural or functional interrelationships of objects, tasks or teams [16] .
The concept of the task-based N2 diagram created for the civil aircraft cockpit making is presented. The Gantt chart ( Table 4) that is shown provides the description of the tasks (34 steps) that should be realized through the project implementation.
Thus, the design structure matrix can be made based on the above information. It should be noted that one of the key features of DSM that differs it from the other methods of the project scheduling is the consideration of the iterations during the whole project life cycle because the project often faces with different problems and obstacles. Thus, the N2 diagram has changed (Fig. 2) .
The iterations could be planned (e.g., for the quality improvement, etc.) or are undesirable and unplanned (e.g., the rework, etc.) that can cause the delays and increasing costs. The PSM32 constructs the meta-tasks to simplify the steps (Fig. 3) .
The DSM analysis reveals the possibilities of managing complex systems and projects, highlighting the degree of dependencies of the modules, and obtaining information about the interactions and relationships between tasks. Thus, the project could be realized taking into account the DSM (Fig. 4) . 
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Thus, the implementation of the N2 diagram provides the excellent planning of the project through step-by-step tasks considering the possible unplanned iterations. There are also other options for using this matrix, because it can represent the dependence on each other, not only the project tasks, but also people, as well as the design of the individual subsystems.
Timeline analysis (TLA)
The TLA for the civil aircraft (Fig. 5) adds consideration of the functional durations and is performed on those areas where time is critical to mission success, safety, utilization of resources, minimization of downtime, and/or increasing availability.
The TLA can be applied to such diverse operational functions as spacecraft command sequencing and launch, but for those functional sequences where time is not a critical factor, FFBDs or N2 diagrams are sufficient [11] .
Conclusions
This study is based on the NASA Systems Engineering approach for the system design of the civil aircraft and reported on the impact of this approach on the project realization.
An important finding of this study is that the NASA Systems Engineering framework [11] consists of three elements that make up NASA Systems Engineering capability, namely common technical processes, tools and methods, and workforce. The integrated implementation of these three elements of the SE framework is intended to improve the overall capability required for the efficient and effective engineering of the complex systems [6] .
The significant finding of this study is that the high-quality competent planning and realization of the aircraft life cycle stages "step-by-step" allow avoiding mistakes and excessive costs to correct them. To provide it, the modern logical decomposition methods (work breakdown structure, product breakdown structure, functional flow block diagram, and N2 diagram) are considered or implemented in this research. Also, the analysis of literature shows that the use of the SE for the system design provides the excellent planning, execution and control processes to achieve the competitive advantages.
It is concluded that the adoption of the NASA Systems Engineering approach should be coordinated with the aircraft systems design and logical decomposition to provide the effective project realization.
The further research requires a more detailed study of the issues raised in this study, in particular, the extended and deeper investigation of the NASA's techniques for the aircraft's Systems Design understanding in practice.
